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Decision Support using 

Statistical Linked Data 
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Humboldt faceted 

 search [3] 

Gruff SPARQL query builder [2] 

Visinav Linked Data  

browser [1] 

Difficulties with statistics as Linked Data: 

No aggregation, spreadsheets and 

pivot tables, or drill-down. 
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Online Analytical Processing of 

Statistical Linked Data 

 

 

 

 

Typical OLAP client 

OLAP operations 

OLAP queries  

Multidimensional 

Expression Language 

(MDX) 
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? 

 

 

 

 

Statistical Linked Data re-

using the RDF Data Cube 

Vocabulary (QB) 

Crawled into triple store  

SPARQL endpoint 

Problem: How to map MDX queries to SPARQL queries? 

MDX 
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Scenario 

B. Kämpgen, S.O'Riain, A. Harth – Interacting with Statistical Linked Data via OLAP Operations 

Data cube: Financial disclosures 

Measures: Cost of goods  

sold, Sales (UDF aggr. funct.) 

Dimensions: Issuer,  

Dtstart, Dtend, Segment 

OLAP query 
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Business analyst 

with  

OLAP client 

Financial data about US 

companies as RDF in triple 

store 

Pivot table 
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Business analyst 

with  

OLAP client 

Financial data about US 

companies as RDF in triple 

store 

Data cube: Financial disclosures 

Measures: Cost of goods  

sold, Sales (UDF aggr. funct.) 

Dimensions: Issuer,  

Dtstart, Dtend, Segment 

OLAP query 

Pivot table 
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Approach - Overview 

1. Data cubes mapped to RDF re-using QB 

2. OLAP operations with data cubes as 

input/output 

3. OLAP queries as sets of OLAP operations on 

data cubes 

4. SPARQL queries from OLAP queries 
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Data Cubes as RDF (1) 
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The RDF Data Cube Vocabulary [4] Common Data Cube Model 
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Data Cubes as RDF (2) 

Scenario 

Cube URIs:  

edgar:SecCubeGrossProfitMargin  

Dimension URIs:  

edgar:issuer 

edgar:dtstart 

edgar:dtend 

edgar:segment 

Measure URIs:  

edgar:CostOfGoodsSold 

edgar:Sales 
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Materialising Data Cubes  

Computing all possible facts of a data cube 

(materialisation) requires 2|D| subqueries [5]. 
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Issuer Dtstart Dtend Segment COGS Sales 

RAYONIER INC 2009-01-01 2009-03-31 Business 1,100,335 USD 2,000,000 

RAYONIER INC 2009-04-01 2009-06-30 Business 500,442 USD 1,245,000 

… … … … … … 

RAYONIER INC 2009-01-01 2009-03-31 ALL 1,100,335 USD 2,000,000 

… … … … … … 

… … ALL … … … 

… … … … … … 

… ALL … … … … 

… … … … … … 

ALL … … … … … 

… … … … … … 

… … ALL ALL … … 

… … … … … … 

ALL ALL ALL ALL … … 

Scenario: Financial disclosure: Issuer (625), Dtstart (27), Dtend (20), Segment 

(21,227) has 7,813,772 possible facts. 
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OLAP Operations – Informal  

B. Kämpgen, S.O'Riain, A. Harth – Interacting with Statistical Linked Data via OLAP Operations 



Institute of Applied Informatics and  

Formal Description Methods (AIFB) 
20 28 May 2012 

OLAP Operations – Formal 

 

 

 

 

 

 

Input/Output: data cubes; OLAP operations can be nested. 

Nested set of OLAP operations on data cube lead to OLAP 

query. 

OLAP query returns subset of facts in materialised data cube. 
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Dice, Roll-Up (see paper) 
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Scenario 
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Issuer Dtstart Dtend Segment COGS 

RAYONIER INC 2009-01-01 2009-03-31 ALL 1,100,335 USD 

RAYONIER INC 2009-04-01 2009-06-30 ALL 500,442 USD 

… … … … … 

RAYONIER INC 2009-01-01 2009-03-31 ALL 1,100,335 USD 

… … … … … 

OLAP operations: 
1) Q = Projection(edgar:SecCubeGrossProfitMargin, ed:Sales) 
2) Q = Slice(Q, ed:Segment) 
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OLAP Queries  
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OLAP query (subcube query) 

Scenario 

Full-cube query: All explicitly contained facts 

in a data cube. 

 

Point query: One specific explicitly contained 

fact from a data cube.  

 

Fully-aggregated query: Implicitly contained 

fact aggregating over all dimensions. 

 

(?,?,?,?,COGS, Sales) 
 
({RAYONIER INC}, 
{2009-01-01},{2009-03-31}, 
{Business},COGS,Sales) 
 
(ALL,ALL,ALL,ALL,COGS,Sales) 
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OLAP query: 
Init) Q = (?,?,?,?,Cost of goods sold, Sales) 
1) Q = (?,?,?,?,Cost of goods sold) 
2) Q = (?,?,?,ALL,Cost of goods sold) 

OLAP Queries as Sets of OLAP 

operations on a Data Cube 

Scenario 
OLAP operations: 
1) Q = Projection(edgar:SecCubeGrossProfitMargin, edgar:Sales) 
2) Q = Slice(Q, edgar:Segment) 
 

Dice, Roll-Up (see paper) 
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OLAP Queries in SPARQL 

Given a subcube query, resulting from a set of 

nested OLAP operations on a data cube: 

 

 

Translated into SPARQL query: 

1. Initial SPARQL query for all facts from the data cube. 

2. For each selected measure, add aggregated selection 

and graph pattern. 

3. For each inquired dimension, add selection, graph 

patterns, and group by. 

4. For each fixed dimension, add graph pattern. 
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Scenario 
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SPARQL query translated from subcube query 

1. 
1. Initial 

SPARQL 

query for all 

facts from the 

data cube. 
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Scenario 
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SPARQL query translated from subcube query 

2.1 

2.2 

2. For each 

selected 

measure, add 

aggregated 

selection and 

graph pattern. 
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Scenario 
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SPARQL query translated from subcube query 

3.2 

3.1 

3. For each 

inquired 

dimension, 

add selection, 

graph 

patterns, and 

group by. 

3.3 
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Evaluation/Discussion 

 

 

 

Scenario 

OLAP query took 18sec and returned 58 facts to be filled into the 

requested pivot table. 

OLAP query could be faster 

Data from the data cube is queried on demand, and no 

materialisation is done. 

No dice without slice; uneccessary computation of facts. 

No direct correspondence of SPARQL result and requested pivot 

table: Populating pivot table requires join. 
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MDX 
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Conclusions 

First work on OLAP-to-SPARQL mapping 

 

Future work 

Investigating intuitive user interactions for navigating 

Data Cubes as Linked Data. 

Considering OLAP hierarchies and multi-cube 

operations (e.g., Drill-Across). 

Implementing an OLAP engine (olap4ld) for optimising 

OLAP query execution. 
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Thanks! 
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More about OLAP of Linked Data: http://semanticweb.org/wiki/OLAP_of_Linked_Data 

Feedback? 

Questions? 
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Backup: Multidimensional Model in RDF 
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Backup: Dice = Slice + Filter 

Given the query model, a dice + slice cannot be 

represented, therefore dice = slice + filter. 

B. Kämpgen, S.O'Riain, A. Harth – Interacting with Statistical Linked Data via OLAP Operations 

… 

… 

… 

… 

… 

… 

… 

… 

Scenario 

Q = (?,?,?,ALL,Cost of goods sold) ≠ 
({RAYONIER INC, WEYERHAUSER CO},?,?,ALL,Cost 
of goods sold) 


